The present paper involves firstly in the studies of corrosion properties of Al 6061 metal matrix composites reinforced with varying percentage of uncoated and Cu coated silicon carbide in 3.5 wt% NaCl solution using weight loss method. The processing route used for the composites was stir casting technique. Mass loss and corrosion rate measurements were utilized as criteria for evaluating the corrosion behavior of composites. The surface morphology of composites after the corrosion test is determined by using scanning electron microscopy. It has been observed that copper as reinforcement coating reduces the corrosion resistance of composites in comparison to uncoated reinforcements and monolithic alloy.
Introduction
Aluminium alloy reinforced with silicon carbide particulate possesses a wide variety of properties, including high specific strength and stiffness, controlled thermal expansion coefficient, non-toxic, nonmagnetic, high corrosion resistance, improved high temperature properties, improved wear and abrasion resistance [1] [2] [3] . Reinforcement influences corrosion rate, which is one of the main disadvantages in the use of metal matrix composite. This is important in aluminium alloy based composite, where a protective oxide film reduces corrosion rate. Discontinuities in film are due to addition of reinforcement phase, which increases the number of sites where corrosion can be initiated and makes the composite more susceptible to corrosion [4] . Published data [5] [6] [7] [8] indicate that the addition of SiC particles does not appear to enhance corrosion resistance on some aluminium alloys because pits were found to be more on the composites than on the base alloys. All metals and alloys undergo corrosion, which is outlined as the destructive attack of a metal by chemicals, atmosphere and electrochemical processes. The driving force is the free energy of reaction of the metal to make, generally a metal oxide. Since corrosion reactions usually occur on the metal surface, they're referred to as interfacial processes. To achieve high interface bonding strength, wettability of SiC particle with molten aluminium is important. Unfortunately the wettability of SiC with molten aluminium is poor. Electroless coating of SiC with nickel [9] and copper has been successively used to prevent undesired interfacial reactions.
Copper is added to aluminium alloys to enhance their hardness, strength, creep resistances, fatigue and machinability [10] [11] [12] [13] . Copper generally reduces resistance to corrosion in specific compositions and material conditions [14, 15] . The susceptibility of the Al-Cu alloys towards corrosion decreases in the order of: Al > Al-3 wt% Cu > Al-9 wt% Cu > Al-6 wt% Cu [14] . The aim of paper is to study and compare the corrosion behaviour of M. ZAKAULLA ET AL. 22 uncoated and Cu coated SiC composites produced by stir casting technique in marine environment using weight loss method.
Experimental Procedure

Electroless Copper Coating on Silicon Carbide Particles
The Electroless copper coating on silicon carbide particles relies on sequence of cleaning, sensitizing, activating and plating. The conditions used are detailed in Tables 1 and 2.
Processing
In this study, matrix selected was Al6061 which is procured in form of Ingots. The experimental setup for making cast composite consists of mechanical stirrer and a electrical resistance furnace. About 3 kg of Al 6061 was melted in a crucible using electrical resistance furnace. Degassing was carried out while molten metal was kept in a electrical resistance furnace at about 700 deg Celsius. The mechanical stirrer was then inserted in to molten metal and rotated to create necessary vortex.
Copper coated sic particles (containing 30% copper as coating) were added to vortex at approx. rate of 50 g/ min and stirring was done for 10 mins and stirrer was taken out of crucible. The melt was taken out of furnace and poured in to permanent moulds.
Corrosion Testing
The corrosion tests was conducted at room temperature Formaldehyde. 20 ml/l using the conventional weight loss method .The specimens for the test were prepared to size of outer dia 18 mm, inner dia 2 mm and thickness 3 mm after which the sample surfaces were grounded with abrasive papers starting from grades 400, 800, 1000 and 1500 respectively. The samples were degreased with acetone and then rinsed in distilled water before immersion in still solutions of 3.5% NaCl solution. Concentration of 3.5% NaCl was preferred for this test since it accelerated corrosion test similar to marine environment. Solution was prepared by dissolving 227.5 gms of solid NaCl in 6500 cm 3 of de-ionized water. The normality of solution is 0.6 N. Each specimen was first weighed before being immersed in 3.5% NaCl solution and later taken out after 72, 144, 216, 288 and 360 h respectively. After the specified time, the heavy corrosion deposits on the surface of samples were removed mechanically, and then the samples were cleaned with distilled water, rinsed with acetone, dried and weighed. The corresponding changes in the weights were noted. At least three samples were tested and average value was taken. The weight loss was measured and Converted into corrosion rate expressed in mils penetration per year (mpy). Mass loss (mg/cm 2 ) for each sample was evaluated by dividing the weight loss (measured using a four decimal digit electronic weighing balance) by its total surface area which is in accordance with ASTM G31 standard recommended practice.
Results and Discussion
SEM/XRD Analysis
A SEM image of copper coated silicon carbide particles is shown in Figure 1 . The image clearly shows that the copper is coated on surface of angular silicon carbide particles. Electroless coating method was used to coat copper on silicon carbide particles.
X-ray diffraction studies (Figure 2) clearly indicate the presence of copper on SiC and it is noted that after Electroless coating process the peak corresponding to Cu is present and indicates successful Cu deposition on SiC 
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particle surface. Figure 3 shows the corrosion rate mpy as a function of exposure time in static immersion test. It can be seen that there is decrease in corrosion rate with increase in duration of exposure to 3.5 wt% NaCl solutions implying that the corrosion resistance of materials tested increases as exposure time is increased. The phenomenon of gradually decreasing corrosion rate is due to the formation of passive films on surface of samples. Kennethe Alaneme [8] obtained similar results in SiC P reinforced aluminium alloy composites that the corrosion resistance of Al-SiC P composites increased as the exposure time is increased and it was discovered that the nature of passive films formed on the composites was sufficiently stable to reduce significantly the corrosion rate. It is observed that corrosion resistance of Cu coated SiC composites decreases in compare to uncoated SiC composites and base alloy because since SiC is coated with copper which is a conducting material, it increases the ratio of local cathode area around SiC particle where low resistance area exists and electrons easily leave from these area, therefore corrosion progress around SiC particles where pits extend at surface not in depth. This indicates that inter- metallic phase Al 2 Cu is more susceptible to corrosion degradation. Figure 4 shows the mass loss versus time of tested specimens immersed in 3.5 wt% NaCl solution. It is observed in this case that mass loss increased with the increase in weight percent of uncoated and Cu coated SiC. Cu coated 8% SiC composite has a highest mass loss value (0.401 mg/cm 2 ) and the monolithic alloy (0.074 mg/cm 2 ) had the least mass loss followed by the 2 wt% SiC composite (0.148 mg/cm 2 ). Burak Dikici et al. [9] in their work on corrosion behaviour of Ni Coating of SiC particles reinforced Al based MMCs state that Al/SiC interfaces are active sites where corrosion at early stages starts in-depth and later as a result of excessive polarisation, expanses to the surface, which indicate that the type of corrosion is pitting and such corrosion behaviour has been attributed to the conductivity of the coating material. According to them, despite improving the wettability, Electroless nickel coating is not an effective method to improve the corrosion resistance in halide solution. A. Pardo et al. [16] in their work on Effect of Reinforcement Coating on Corrosion Behavior of AA-6061/SiC/ 20p Composite found that Corrosion resistance decreased with the use of the silicon dioxide (SiO 2 ) active coatings on silicon carbide (SiC) reinforcement particles and the matrix/SiCp interfaces acted as preferential nucleation sites, but the corrosion process was of low intensity. The use of active coatings on reinforcement particles improved wettability by molten aluminum, despite some slight loss of corrosion resistance. D. Mandal et al. [17] in their research on corrosion behaviour of uncoated, copper and nickel coated short steel fiber reinforced Al composites in 1N NaCl solution stated that corrosion rate was higher for copper coated fiber reinforced composites compared to uncoated fiber and nickel coated fiber reinforced composites.
Corrosion Morphology
After 24 hours of corrosion test it was observed that formation of pits were more rapid in Cu coated SiC composites than uncoated SiC composites and pits initiation started at SiC/matrix interface which are active sites because of copper coating. This was reason for max corrosion rate at the beginning and pits expand to the surface. As the test progresses there is a formation of passive films which gradually decreases the corrosion rate. Figure 5 is a SEM micrograph of 8% uncoated SiC composite exposed to 3.5 wt% NaCl solution after 144 h exposure where at SiC/matrix interface, preferential localised corrosion can be seen and corrosion starts in depth and later expands to surface. Figure 6 shows the paths where corrosion progresses on corroded surface of composite. Here SiC particles are partially detached at pits which are present at SiC/matrix interface. Al/SiC interface and consequently spread out.
Conclusions
1) Corrosion rate decreases with increasing in duration of exposure to 3.5 wt% NaCl solutions implying that the corrosion resistance of materials tested increases as exposure time is increasing.
2) At early stages, corrosion starts in depth as observed at Al/SiC interface which is active sites and later due to excessive polarisation, expands to surface which indicate that corrosion type is pitting.
3) Corrosion rate increases with increasing in wt fraction of uncoated and Cu coated SiC. 4) Cu coated 8% SiC recorded a max corrosion rate of 1.937 mpy in 3.5 wt% NaCl solution.
5) It is observed that Electroless Cu coating is not an effective method to improve the corrosion resistance in structural applications despite improving the wettability of SiC.
